INTRODUCTION
On account of the complex nature of plant juices the determination of the nitrate nitrogen therein is beset with many possibilities of error. In most of the work done upon the nitrate content of plants the Schloesing method and its modifications have ' been used. Some investigators have criticized this method and have recommended other methods for the purpose. Since the determination of nitrates in plants proved of great importance in the solution of a problem under investigation, it seemed necessary to make a careful study of certain methods for nitrates in order to determine their applicability to plant tissue. Without attempting a complete discussion of the literature, the methods employed for nitrates in plant tissue, or in analogous substances will be briefly considered.
In studies of the nitrate content of plant tissue Schulze (11) , Nedokvochayev (8), Woo (13) and others used various modifications of Schloesing's (12, p 456) method. This m e thod is based upon the measurement of nitric oxide gas which is liberated when nitric acid is heated with ferrous chloride and hydrochloric acid. Krog and Sebelien (7) claim that the Schloesing method gives low results in the presence of carbohydrates and other organic substances. They obtained much more satisfactory results with the "nitron" method. In this work Krog and Sebelien used both water and alcohol (2 to 1) in making extracts of green plants. The "nitron" method devised by Busch (3) is based upon the formation of an insoluble compound by the interaction of nitron ( diphenyl-endo-anilo-hydro-triazole) and nitric acid.
Caron (4) obtained good results in the determination of nitrates in urine by the colorimetric method. He determined the intensity of color produced when a nitrate solution is treated with diphenylamine and sulfuric acid. This opportunity is taken to express to Professors Fred and Hart, due appreciation for their suggestions and criticisms.
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Another method for the determination of nitrates, known as Devarda's method, is based upon the reduction of nitric acid to ammonia by means of Devarda's alloy (50 parts copper, 45 parts aluminum anrl 5 parts zinc) in alka line solution (12, p. 454). This method somewhat modified in detail is recom mended by Allen (1), and others for nitrate nitrogen in soils and by Davisson (5) for nitrates in "soil and physiological extracts."
In the Ulsch-Street method (2) nitric acid is reduced with iron and dilute sulfuric acid and the ammonia obtained thereby distilled from magnesia.
Zeller (14) proposed a method for determining nitrates and nitrites in the presence of much organic matter. For nitrates the Ulsch-Street method was used, while nitrites were determined by measuring the amount of ammonia decomposed by nitrous acid according to the following reaction:
In the determination of the latter he used a known quantity of ammonium chloride and evaporated the unknown solution to a small volume. The solu tion was then diluted and distilled from magnesia into standard acid. The nitrite was calculated by loss of ammonia. He obtained good results with peptones, soil and plant decoctions.
EXPERIMENTAL I. A it rates
The colorimetric method of Caron proved unsatisfactory, as the blue color obtained by treating plant extracts with diphenylamine faded so rapidly that accurate results were impossible. The determination of nitrates in plants by finding the difference between the nitrogen obtained by the Kjcldahl method modified to include nitrate and the Kjeldahl-Gunning-Arnold method also was unsatisfactory, since appreciable amounts of nitrate were apparently reduced without zinc and salicylic acid.
The "nitron" method was next tried. The results are shown in table 1. Many substances give somewhat insoluble compounds with nitron and there fore the method must be used with caution. Among the substances likely to be present in plants that will give high results are nitrites and oxalates. While the rather meager data given above show fair results, the unexpectedly high nitrate content made it advisable to test the accuracy of the method further. On account of the variety of substances which may be present in plants that may affect the accuracy of this method, it was decided to compare it with another method based on a different principle rather than to attempt to elim inate troublesome compounds which may be present.
Consequently, the Devarda method was studied. Allen (1) claimed that this method was accurate for soils when 0.1 N sodium hydroxide was used in reduction instead of the more concentrated alkali originally recommended. He boiled the solution for} hour before addition of alkali in order to get rid of the "alhuminoi<l" ammonia. Davisson showed that boiling } hour did not get rid of all the ammonia and he suggested previous precipitation with Stutzer's reagent to get rid of" protein like substances." However, this would not free the solution from certain amino acids (arginine and cystin), or bases (e.g. guanidine) which may be present in both soils and plants, and which would cause an error in determination by this method. A simpler and better method might be to run a control without alloy on each extract. The possible difficulties here might be:
1. That the compounds in plants yielding ammonia on boiling with sodium hydroxide may be very sensitive to a change in concentration of alkali which would be caused by the reaction of the alkali with the alloy.
2.
That the alloy might act catalytically to break down some compounds which would yield ammonia.
The possibility of error from these sources was accordingly studied and the following experiments undertaken. Two proteins, lactalbumin and arachin, Taken as a whole these results show that no appreciable error is caused by the difference in concentration of alkali caused by action of alloy, nor does the presence or absence of alloy affect the amount of ammonia evolved. The amount of amino acids used equals the amount in extract from several grams of flowering soybean plants grown in sand containing nitrate.
An experiment was next undertaken to determine the effect of amino acids, asparagin, and variation in the concentration of alkali on the determination of nitrates by Devarcla's method (table 3) . '
It is again seen that a change in concentration of alkali due to the alloy's action does not affect the accuracy of the determination, and that the presence of amino acids and asparagin does not affect the difference in amm onia distilled from the controls and from the reduced solution.
Some loss was observed on boiling prior to reduction. Why this was true was not clear except that it was more difficult to keep all the liquids boiling at the same rate in the open than in a distillation. The error came princi pally from the incomplete volatilization of "nitrogen from sodium hydroxide" present in the controls (no. 5 and 6). The figures show that nearly half the "nitrogen from sodium hydroxide" was recovered in the distillation (table 4) .
A later experiment showed that better results were obtained from boiling for 1 hour. However, the previous boiling when controls are run is unnecessary and tends to decrease rather than increase the accuracy of the method. Evap oration to a low volume on a hot plate causes a loss in nitrate. A later experi ment shows that the solution can be evaporated on the water bath wihout loss of nitrate. The presence of the alloy in a non-nitrate solution gives the same result as the same solution containing nitrate but not reduced by the alloy.
The effect of the aldehyde group of glucose (which is usually present in plants) on the reduction of nitrates during this determination also was studied. The results are given in table 5.
It is seen that the presence of the sugar does not affect the accuracy of the method. The loss on boiling with NaOH for 1 hour is so slight that no con-clusions can be drawn except that apparently previous boiling does not increase the accuracy of the method. The evaporation of the neutral solution to small volume on the water bath did not apparently affect the nitrate-nitrogen results. This last experiment was made because evaporation is necessary in the determination of nitrite. It is seen from the above that nitrate nitrogen in plants can be quite accu rately determined by the use of Devarda's alloy. This method is not applica ble in the presence of nitrites. The procedure is similar to that outlined in the third paragraph of page 341. When nitrates only are being determined it is preferable to remove the soluble protein by coagulation by heat prior to the determination. This eliminates frothing and the necessity of using paraffin.
A comparison of the nitrate content of plants as shown by the nitron method and the Devarda method is found in table 6. The former method gi\·es con sistently higher results. Apparently there arc present in plants compounds which cause an appreciable error by this method.
As already mentioned the Schloesing method, variously modified, for nitrates has been used by most workers in their studies on the nitrate content of plants. This method is more complicated and requires more manipulation than the Devarda method. However, on account of its wide use for the determina tion of nitrates in plant tissue comparative studies were made of the methods mentioned. The Devarda method modified as already described, was used in comparison with the modified Schloesing method as described by Treadwell and Hall (12, p. 456) with the further modifications suggested by Koninck (6) and Koch (13) . The first modification was a mechanical one whereby a mercury seal was substituted for a pinchcock for the tube leading to the gas burette. The Koch modification consisted in measuring the evolved gas absorbed by alka line potassium permanganate instead of the total gas evolved.
Comparative determinations by this method and by the Devarda method are shown in table 7. In every case but one the results agree almost as closely as duplicate determinations by the same method. In the Schloesing method a small amount of gas was invariably found after absorption.
II. Nitrites and nitrates in the presence of one another
No attention was given in the above studies to the question of nitrites. Devarda's method would include both nitrites and nitrates, while with the nitron method according to Treadwell and Hall (12, p. 451) nitrites cause high but not quantitatively high results.
Zeller's method for nitrates and nitrites has already been mentioned. As stated, he claimed this method to be accurate for soils and plant decoctions. He does not describe the preparation of these decoctions but gives figures which indicate very accurate results. When small amounts of nitrite are present a large percentage of error will probably be found in plant tissue, especially for seedlings, since amino acids are always present which are much more reactive with nitrous acid than with ammonia. Alpha amino nitrogen reacts quantita tively with nitrous acid on shaking in acid solution for five minutes at room temperature, whereby from 1 to lj hours are required for the complete reaction with ammonia under the same conditions (10) . In 17-day-old soybean plants 0.65 per cent a amino nitrogen was found. It is possible that a considerable amount of nitrite could be present in such cases with no loss whatever of ammonia by Zeller's method.
This error, however, could probably be avoided by thefollowing procedure. Treat the unknown solution with ammonium chloride solution, make up to a definite volume and divide into two exactly equal portions or take similar ali quots. Determine the total nitrogen in one part immediately, and in the other after ev � porating to a low volume on the water bath. Half the differ ence in nitrogen = nitrous nitrogen.
A simpler and shorter method which might be used for determining both nitrite and nitrate is as follows. With one aliquot of the unknown solution determine nitrate plus nitrite by Devarda's method as already outlined. Treat another aliquot with an excess of some amino compound which reacts readily with nitrous acid and which does not lose ammonia on boiling with sodium hydroxide. Heat on the water bath for a definite time. The nitrous acid reacts with the amino acid forming elemental nitrogen. Dilute to 250 cc. and determine nitrate by Devarda's method. The difference between the first and the second determination gives the nitrite nitrogen.
This method was tried and was found to give good results in the presence of nitrate and a cold-water extract of 14-day-old etiolated soybean seedlings. The amino compound fitting the above description which happened to be available was aspartic acid and this accordingly was used.
Merck's sodium nitrite, made up to equal approximately 6 mgm. of nitrite nitrogen, was used. This was found by reduction with Devarda's alloy to contain 5.57 mgm. of reducible nitrogen of which 5. One per cent aqueous sodium alizarin sulfonate. was used as an indicator in all this work and was found to be very satisfactory in titrating small amounts of ammonia. With the amounts employed a distinct change in color was noted at the end point with one drop of 0.0357 N alkali.
The question of possible losses of nitrites during extraction of the tissue, and the means by which such losses (if they exist) may be minimized or eliminated is still open for investigation. Procedure. Dilute two equal portions of a cold-water extract of plant tissue to 250 cc. in a Kjeldahl flask. Add a small piece of paraffin and 2.5 gm. of sodium hydroxide in concentrated solution. To one solution add 1 gm. of Devarda's alloy and use the other as a control. Attach to a distilling appara tus at once. Heat under a low flame for 1 hour or until action has ceased and then distill over exactly 150 cc. Care should be taken that the determination and the control be distilled at the same rate. Titrate, using 0.0357 N alkali. The difference gives the nitrate plus nitrite nitrogen. The flask is attached to a distilling head containing two way bent tubes.
Treat a similar portion of cold water extract in a volume of about 25 cc. with about 0.15 gm. of aspartic acid or more depending upon the amount of nitrite present. The mixture is heated on the water bath for an hour. It is then divided into two equal portions, reduced and distilled according to the Devarda method as given above. The difference between the first and second distillations represents the nitrite nitrogen. SUMMARY 1. The Caron colorimetric method for nitrates in urine is not applicable to the determination of nitrates in plant tissue.
2. The determination of nitrates in plants by finding the difference between the Kjeldahl-Gunning-Arnold method and the Kjeldahl method modified to include nitrates is unsatisfactory.
3. The "nitron" method gave slightly high results with the tissue studied. In view of the substances occurring in plants which may cause error in this method it is not dependable for the determination of nitrates in plant tissue.
4. Both the Devarda and Schloesing methods with proper modifications may be applied in the determination of nitrates in plants with fair accuracy.
5. The method proposed by Zeller for the determination of nitrites and nitrates in the presence of one another is not applicable to plant tissue.
6. A procedure is suggested which gives satisfactory results for the deter mination of nitrites and nitrates in plant extract.
